Noncollinear antiferromagnets have recently been attracting considerable interest partly due to recent surprising discoveries of the anomalous Hall effect (AHE) in them and partly because they have promising applications in antiferromagnetic spintronics. Here we study the anomalous Nernst effect (ANE), a phenomenon having the same origin as the AHE, and also the spin Nernst effect (SNE) as well as AHE and the spin Hall effect (SHE) in noncollinear antiferromagnetic Mn3X (X = Sn, Ge, Ga) within the Berry phase formalism based on ab initio relativistic band structure calculations. For comparison, we also calculate the anomalous Nernst conductivity (ANC) and anomalous Hall conductivity (AHC) of ferromagnetic iron as well as the spin Nernst conductivity (SNC) of platinum metal. Remarkably, the calculated ANC at room temperature (300 K) for all three alloys is huge, being 10∼40 times larger than that of iron. Moreover, the calculated SNC for Mn3Sn and Mn3Ga is also larger, being about five times larger than that of platinum. This suggests that these antiferromagnets would be useful materials for thermoelectronic devices and spin caloritronic devices. The calculated ANC of Mn3Sn and iron are in reasonably good agreement with the very recent experiments. The calculated SNC of platinum also agrees with the very recent experiments in both sign and magnitude. The calculated thermoelectric and thermomagnetic properties are analyzed in terms of the band structures as well as the energy-dependent AHC, ANC, SNC and spin Hall conductivity via the Mott relations.
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I. INTRODUCTION
In recent two decades, spin transport electronics (spintronics) has attracted enormous interest because of its promising applications in information storage and processing and other electronic technologies 1, 2 . Spin current generation, detection and manipulation are three key issues in the spintronics. In this context, spin-related transport phenomena in solids especially in those materials that can provide highly spin-polarized charge current and large pure spin current, have been intensively investigated recently. The anomalous Hall effect (AHE), discovered in 1881 by Hall 3 , and the spin Hall effect (SHE), predicted in 1971 by Dyakonov and Perel 4 , are two principal spin-related transports and thus have received renewed interests. 5, 6 Intuitively, spin-up and spin-down electrons moving through the relativistic band structure of a solid experience opposite transverse velocities caused by an applied electric field. In a ferromagnet where an unbalance of spin-up and spin-down electrons exists, these opposite currents result in a spin-polarized transverse charge current and hence the (intrinsic) AHE. Therefore, the AHE is usually assumed to be proportional to the magnetization of the magnetic material. In a nonmagnetic material where spin-up and spin-down electrons are equal in numbers, this process gives rise to a pure transverse spin current, and this is known as the (intrinsic) SHE. The SHE is particularly important for spintronics because it enables us to generate, detect and control spin current without magnetic field or magnetic materials. 6, 7 Furthermore, the pure spin current is dissipationless 8 and is thus especially useful for the development of low powerconsumption nanoscale spintronic devices 9 .
Interestingly, Chen et al. 10 recently showed that large AHE could occur in noncollinear antiferromagnets without net magnetization such as cubic Mn 3 Ir. This surprising result arises from the fact that in a three-sublattice kagome lattice with a noncollinear triangle antiferromagnetic structure, not only the time-reversal symmetry (T ) is broken but also there is no spatial symmetry operation (S) which, in conjunction with T , is a good symmetry that preserves the Kramers theorem. Subsequently, large AHE was observed in hexagonal noncollinear antiferromagnets Mn 3 Sn 11 and Mn 3 Ge 12,13 . In the meantime, large SHE was predicted in noncolinear antiferromagnets Mn 3 X (X = Sn, Ge, Ir) 14, 15 and was also observed in Mn 3 Ir 15 . All these fascinating findings suggest that these noncollinear antiferromagnets may find exciting applications in spintronics, an emergent field called antiferromagnetic spintronics 16 . Antiferromagnetic spintronics has been attracting increasing attention in recent years because antiferromagnetic materials have several advantages over ferromagnetic materials. In particular, antiferromagnetic elements would not magnetically affact their neighbors and are insensitive to stray magnetic fields. Moreover, antiferromagnets have faster spin dynamics than ferromagnets, and this would lead to ultra-fast data processing.
In a ferromagnet, the charge Hall current could also arise when a temperature gradient (∇T ) instead of an electric field, is applied. This phenomenon, due to the simultaneous presence of the spin-orbit coupling (SOC) and net magnetization in the ferromagnet, is refered to as the anomalous Nernst effect (ANE) [17] [18] [19] . Similarly, a temperature gradient could also generate the spin Hall current in a nonmagnetic material, and this is known as the spin Nernst effect (SNE) 20 . Clearly, materials that exhibit large ANE and SNE would have useful applications for spin thermoelectronic devices driven by heat, a new field known as spin caloritronics 21 . This offers exciting prospects of 'green' spintronics powered by, e.g., waste ohmic heat. Since the ANE and SNE, respectively, have the same physical origins as the AHE and SHE, one could expect significant ANE and SNE in the abovementioned noncollinear antiferromagents as well. In other words, noncollinear antiferromagnets Mn 3 X (X = Sn, Ge, Ga) could also be useful materials for developing antiferromagnetic spin caloritronics. Nevertheless, no investigation of the SNE in noncollinear antiferromagnets has been reported and only two reports on the measurement of the ANE in Mn 3 Sn appeared very recently.
22,23
In this paper, therefore, we perform an ab initio study on the ANE and SNE in hexagonal noncollinear antiferromagnets Mn 3 Ga, Mn 3 Ge and Mn 3 Sn (Fig. 1) , based on the density functional theory (DFT) with the generalized gradient approximation (GGA) 24 . For comparison, we also study the ANE in bcc Fe, a ferromagnetic transition metal having large AHE 25 , and the SNE in fcc Pt, a heavy nonmagnetic transition metal exhibiting gigantic SHE 26 . Indeed, we find that the anomalous Nernst conductivity at room temperature of all three alloys is large, being more than ten times larger than that of bcc Fe. The spin Nernst conductivity of Mn 3 Ga and Mn 3 Sn is larger than that of fcc Pt. The rest of this paper is organized as follows. In the next section, we briefly describe the Berry phase formalism for calculating the intrinsic Hall and Nernst conductivities as well as the computational details. Section III consists of three subsections. We first present the calculated total energy and magnetic properties of two low-energy noncollinear antiferromagnetic structures [Figs. 1(c) and 1(d)] of Mn 3 X and also compared our results with available previous experimental and theoretical reports in Subsec. III A. We then report the calculated anomalous Nernst conductivity as well as anomalous Hall conductivity for these magnetic structures in Subsec. III B. We finally present the calculated spin Nernst conductivity and also spin Hall conductivity in Subsec. III C. Finally, the conclusions drawn from this work are summarized in Sec. IV. 
II. THEORY AND COMPUTATIONAL METHOD
Here we consider ordered Mn 3 Ga, Mn 3 Ge and Mn 3 Sn alloys in the layered hexagonal DO 19 (P 6 3 /mmc or D 12 , and a = 5.66Å and c = 4.53Å 11 , respectively. The primitive unit cell contains two layers of Mn triangles stacked along the c-axis, and in each layer the three Mn atoms form a kagome lattice with the X atom located at the center of each hexagon (Fig. 1) . The total energy and electronic structure are calculated based on the DFT with the GGA in the form of PerdewBurke-Ernzerhof 24 . The accurate projector-augmented wave (PAW) method 28 , as implemented in the Vienna ab initio simulation package (vasp) 29, 30 , is used. The fully relativistic PAW potentials are adopted in order to include the SOC. The valence configurations of Mn, Sn, Ge and Ga atoms taken into account in the calculations are 3d 6 4s 1 , 4d 10 5s 2 5p 2 , 3d 10 4s 2 4p 2 and 3d 10 4s 2 4p 1 , respectively. A large plane-wave cutoff energy of 350 eV is used throughout. In the self-consistent electronic structure calculations, a fine Γ-centered k-point mesh of 20×20×20 [i.e., 2112 k-points over the orthorhombic irreducible Brillouin zone wedge (IBZW) (see Fig. 1 )] is adopted for the Brillouin zone (BZ) integration using the tetrahedron method 31 . The anomalous Hall conductivity (AHC) and anomalous Nernst conductivity (ANC) are calculated based on the elegant Berry-phase formalism 32 . Within this Berryphase formalism, the AHC (σ
is simply given as a BZ integration of the Berry curvature for all the occupied bands,
where f kn and Ω n ij (k) are the Fermi distribution function and the Berry curvature for the nth band at k, respectively. i and j ∈ (x, y, z), and i = j. J c i is the i-component of the charge current density J c and E j is the j-component of the electric field E. Moreover, the ANC (α
where µ is the chemical potential and k B is the Boltzmann constant.
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The Berry curvature Ω n ij (k) can be considered as a pseudovector 32 , just like the spin, and thus can be writ-
32 Obviously, if the system has both P and T symmetries, Ω n (k) becomes identically zero. The AHC and ANC are also pseudovectors and can be written as [σ 
where s denotes the spin direction and τ s is a Pauli matrix. 26 Then the spin Nernst conductivity (α
where J s i denotes the i-component of the spin current density j s with spin being along the s-axis. In the AHC, SHC, ANC and SNC calculations, the velocity ( kn|v i |kn ′ ) and spin-velocity ( kn|{τ s , v i }/4|kn ′ ) matrix elements are obtained from the self-consistent electronic structure within the PAW formalism. 34 To obtain accurate AHC, SHC, ANC and SNC, a dense k-point mesh would be needed. 25, 35 Therefore, we use a very fine mesh of 97344 k-points on the magnetic IBZW (1/8 BZ), together with the tetrahedron method 31 . This is equivalent to a large number of kpoints of ∼778752 in the full BZ, and corresponds to the division of the ΓK line into n d = 50 intervals. Further calculations using n d = 20, 30 and 40 (i.e., 7260, 22272, 51597 k-points in the IBZW, respectively) indicate that the AHC, SHC, ANC and SNC obtained using n d = 50 converge to within a few %. Indeed, the curves of AHC, SHC, ANC and SNC as a function of energy (see Figs Table II below (i.e., the extrapolated values at N k = ∞) (see Refs. [36, 37] ) Note that the differences between the converged theoretical AHC, SHC, ANC and SNC values and the corresponding n d = 50 values are within a few %. As mentioned before, we also calculate the AHC and ANC of ferromagnetic bcc Fe and the SNC of nonmagnetic fcc Pt for comparison. In the calculation of the AHC and ANC of bcc Fe, we also adopt a very fine mesh of 360396 k-points on the magnetic IBZW (1/16 BZ). In the SHC and SNC calculations for fcc Pt, a very find grid of 253044 k-points on the magnetic IBZW (1/16 BZ) is used.
III. RESULTS AND DISCUSSION
The energetics of many possible magnetic configurations for Mn 3 Sn in the hexagonal DO 19 structure has already been investigated with the ab initio density functional calculations [38] [39] [40] . Therefore, in this paper we consider only two low-energy noncollinear triangular antiferromagnetic configurations for Mn 3 X (X = Sn, Ge, Ga) [see Fig. 1(c) and Fig. 1(d 
39 ], namely, type A and type B configurations as illustrated in Fig. 1(c) and Fig. 1(d) , respectively. For comparison, the ferromagnetic state (FM) of Mn 3 Ga with magnetic moments in thex-direction is also investigated.
A. Magnetic properties
The calculated total energies and spin magnetic moments are listed in Table I , together with the reported experimental values. Table I shows that in all three alloys, magnetic structure A has a lower energy than magnetic structure B, although the total energy difference is in the order of ∼0.01 meV. This agrees with the magnetic structure observed in earlier neutron diffraction experiments on Mn 3 Sn 43 , Mn 3 Ge 43,44 and Mn 3 Ga. 27 . In an earlier DFT calculation for Mn 3 Sn 39 , configuration A was also found to be slightly lower in total energy than configuration B. Nevertheless, the total energy difference is very small and such a small energy difference is perhaps within the numerical uncertainty. This small energy difference between the two configurations is consistent with the experimental fact that the magnetic moments can be easily rotated in the hexagonal plane by a small magnetic field [11] [12] [13] 43, 44 . In contrast, the total energy of the FM structure of Mn 3 Ga is well above that of the two noncollinear antiferromagnetic structures (Table I) .
The calculated Mn spin magnetic moments in all three Mn 3 X (X = Sn, Ge, Ga) alloys are large, being ∼ 3.0 µ B , while the calculated spin magnetic moments of the X atoms are nearly zero, being less than ∼ 0.01 µ B . Y (Y = Ir, Rh, Pt), the calculated total spin magnetic moment is zero and the two coplanar noncollinear T1 and T2 antiferromagnetic structures have the same total energy in the absence of the SOC. 10, 45 This suggests that the small total magnetic moment obtained with the SOC included in Mn 3 Y (Y = Ir, Rh, Pt), is induced by the spin-canting caused by the Dzyaloshinskii-Moriya interaction (DMI) (i.e., the SOC). In contrast, the nonzero total spin magnetic moment already exists in Mn 3 X (X = Sn, Ge, Ga) even without the SOC. For example, the total spin magnetic moment calculated without the SOC, is 4×10 −3 µ B /cell along thexaxis in magnetic structure A of Mn 3 Sn, being larger than that in the presence of the SOC (Table I) . This is because both magnetic structures A and B are orthorhombic with only one mirror plane (Fig. 1) . In the A magnetic structure, the mirror plane M x is parallel to the yz plane [see Fig. 1(c) Fig. 1(d)] , and a mirror reflection plus a translation τ = (0, 0, c/2) would bring the magnetic structure back onto itself. In this case, only m t,y can be nonzero. The calculated magnetic moments are consistent with these symmetry requirements (Table I). In contrast, the T1 and T2 magnetic structures of Mn 3 Y are hexagonal and have three mirror planes, 10, 45 and thus all three components of the magnetic moments must be zero. Furthermore, the calculated total energies of the T1 and T2 structures are the same. Figure 2(a) shows that in the k x k y (i.e., k z = 0) plane, Ω y (k) is an odd function of k x while Ω x (k) is an even function of k x . In Fig. 2(b) , Ω z (k) is found to be an odd function of k x while Ω x (k) is again an even function of k x in the k x k z (i.e., k y = 0) plane. Consequently, Eqs. (1) and (2) (Table II) are consistent with these symmetry properties. It is also clear from Table II that the AHC, ANC and N (E F ) for both A and B configurations are very similar. This is consistent with the fact that the two configurations have nearly degenerate total energies and very similar magnetic properties (Table I) .
B. Anomalous Nernst effect
The calculated α Table II shows that the AHC of all the Mn 3 X alloys is rather large, being in the same order of magnitude as that of ferromagnetic iron with a large net magnetic moment of 2.27 µ B /atom. Remarkably, all the Mn 3 X alloys have a huge ANC, which is 10∼40 times larger than that of Fe (Table II) . This strongly suggests that these noncollinear antiferromag- nets would find promising applications in thermoelectric devices, heat nanosensors and also spin caloritronics. One may wonder whether the nonzero ANC and AHC are caused by the presence of the small net magnetization in these noncollinear antiferromagnetic structures, as in the case of ferromagnets where the ANC and AHC are proportional to the net magnetization. To address this issue, we perform the magnetic moment direction-constrained GGA calculation for the A structure of Mn 3 Ga in order to make the total magnetic moment vanished. The results of this calculation are listed in Tables I and II. Table II shows that the resultant ANC and AHC remain nearly unchanged, although the net magnetic moment is reduced by a factor of ∼20 (Table  I) . Moreover, we also carry out the GGA calculation for Mn 3 Ga in the ferromagnetic state (FM) with magnetization along thex-axis. Interestingly, although the total magnetic moment of the FM state is three orders of magnitude larger than that of the A structure (Table I) , the ANE gets reduced by 20 %, compared with that of the A structure.
The calculated ANC (α A yz ) and AHC (σ A yz ) of magnetic structure A as a function of the Fermi energy (E F ) as well as the relativistic band structure are plotted in Fig. 3 for Mn 3 Sn, in Fig. 4 for Mn 3 Ge and in Fig. 5 for Mn 3 Ga. Figure 3 shows that for up to 0.33 eV above the E F , the σ A yz of Mn 3 Sn is negative and rather flat with small ripples. However, if the Fermi energy is lowered to -0.114 eV, one sees a very pronounced negative peak in σ To understand the features in the α A yz versus E F curve, one should note that at low temperatures, Eq. (2) can be simplified as the Mott relation, Fig. 3(b) ], and this explains why α A yz becomes nearly zero slightly above the E F [ Fig. 3(c) ]. We have also calculated the ANC of all the alloys as a function of temperature (T ) and the results are displayed in Fig. 6(a) together with the calculated T -dependent α A xy of bcc Fe. Figure 6(a) shows that at high temperature (300∼400 K) Mn 3 Ga has a very large α (Ω x , Ω y ) at high temperatures (e.g., ∼10 A/m-K at T = 400 K) but the sign of the ANC is negative, being opposite to that of Mn 3 Ga. The magnitudes of the ANC of Mn 3 Sn and Mn 3 Ge decrease monotonically as T decreases and change sign at 175 K and 200 K, respectively. As T further cools, the ANC of Mn 3 Ge increases steadily and reaches to 5.2 A/m-K at 50 K, while that of Mn 3 Sn stays around 0.6 A/m-K with small fluctuations. Because of their large ANC at room temperature [being at least one order of magnitude larger than that of bcc Fe (see Table  II )], all three Mn 3 X alloys could serve as a thermoelectric material for spin caloritronics.
To examine the validity of the Mott relation [Eq. (5)], we calculated the energy derivative of the AHC for all the alloys and bcc Fe, as listed in Table II . The ANC at 100 K calculated using Eq. (5) and the energy derivatives of the AHC are shown in Fig. 6(a) . Figure 6(a) indicates that the ANC values calculated this way agree in sign with those calculated directly using Eq. (2) for Mn 3 Sn, Mn 3 Ge and bcc Fe. However, the magnitudes differ significantly. At 300 K, the ANC for all Mn 3 X alloys estimated using Eq. (5) would differ in sign from those from Eq. (2) (listed in Table II) . We note that in the magnetized Pt and Pd, at 100 K the α A xy calculated using the Mott relation [Eq. (5)] and directly from Eq. (2) agree quantitatively, and even at 300 K they agree with each other quite well.
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The band structures of magnetic structures A and B of all three alloys are almost identical and thus their band structures for the B configuration are not presented in this paper. Furthermore, the two magnetic configura- tions for each alloy have similar AHC and ANC as a function of energy and hence the AHC and ANC as a function of energy of the B configuration are not displayed here either. The present band structures of Mn 3 Sn (Fig. 3) and Mn 3 Ge (Fig. 4) are in good agreement with the previous GGA results 14, 47 . The present (Fig. 5 ) and previous
14
GGA band structures for Mn 3 Ga also agree quite well along all the high symmetry lines except the KM line where the two band structures differ quite significantly. As mentioned before, the AHE in Mn 3 Sn and Mn 3 Ge in noncollinear antiferromagnetic states have been experimentally investigated by several groups. [11] [12] [13] 22 The calculated AHC (132 S/cm) for Mn 3 Sn in configuration B agrees well with the measured value (126 S/cm at 50 K) reported in Ref. [11] , although the theoretical AHC (132 S/cm) in configuration A is nearly twice as large as the measured value (68 S/sm) (see Table II ). The calculated AHC for Mn 3 Ge in both configuration A and B is also in good agreement with the experimental value at 10 K reported in Ref. [12] , although for configuration B it is about 30 % smaller than the measured one (500 S/cm at 2 K) presented in Ref. [13] and for configuration A it is twice as large as the measured one 13 . All these suggest that the anomalous Hall effect in these alloys is dominated by the intrinsic mechanism due to the nonzero Berry curvatures in the momentum space. 5, 32 This is also the conclusion drawn in Ref. [22] based on the experimental examination on the validity of the WiedemannFranz law. The AHC of Mn 3 Sn (Mn 3 Ge) presented in Table II is in excellent agreement with the GGA result of 133 (330) S/cm of Mn 3 Sn (Mn 3 Ge) reported in Refs. [14, 47] .
However, unlike the AHE case, so far merely two papers very recently reported on the experiments on the ANE in Mn 3 Sn. 22, 23 It was found that the ANE signals are significant and easily detectable. 22, 23 Furthermore, the thermal and Nernst conductivities was found to correlate according to the Wiedemann-Franz law, indicating the intrinsic origin of the ANE. Overall, this is consistent with our finding of large intrinsic ANE in these alloys. Also the measured and calculated ANC at ∼210 K agree in sign with respect to that of AHC, although the measured ANC (0.39 and 0.28 A/m-K) for configuration A is a few times smaller than the calculated ANC (1.16 A/m-K) (Table II) . Nevertheless, experimentally, the ANC and AHC were found to decrease steadily as the T is increased from 200 K to 400 K, 22, 23 in contrast to the monotonical increase of the calculated ANC with T [ Fig.  6(a) ]. This significant discrepancy could arise from several reasons. First of all, the temperature range of 200∼ 400 K is close to the antiferromagnetic transition (T N ) and consequently the magnetism gets weaker as the T N is approached. In the theoretical calculation, however, the T = 0 magnetism is assumed and the T -dependence enters only through the Fermi function [see Eq. (2)]. Secondly, although the ANC is calculated directly from the band structure [see Eq. (2)], experimentally, the ANC cannot be measured directly and thus is estimated using measurable longitudinal (ρ ii ) and Hall (ρ ij ) resistivities as well as Seebeck (S ii ) and Seebeck-Nernst (S ij ) coefficients via 22, 23 
Clearly, to obtain accurate estimated ANC, all these quantities must be accurately measured on the same sample, but this often is not the case. Given all these complications, we believe that the level of agreement between the experiment and calculation is quite good. Table II shows that the experimental ANC of iron at 300 K also reported in [22] is ∼1.8 A/m-K, being four times larger than the present theoretical ANC (0.4 A/m-K). Furthermore, a previous GGA calculation of the intrinsic ANC 48 of iron gave a value of 0.16 A/m-K, being more than two times smaller than the present GGA result. Further experiments on the ANE and AHE on these alloys are clearly needed.
C. Spin Nernst effect
The SNC (α (Table II) .
In Fig. 6(b) , the calculated T -dependence of the SNC for all three alloys as well as Pt metal are displayed. Fig.  6(b) shows that the magnitude of the SNC of Mn 3 Sn is very large at high temperatures (e.g., ∼10 ( /e)A/m-K at T = 400 K). Nevertheless, the SNC decreases monotonically as the T decreases down to 50 K. Interestingly, the SNC of Pt has a very similar T -dependence, albeit with a much smaller magnitude and an opposite sign. In contrast, Mn 3 Ga has a smaller SNC at high temperatures (e.g., ∼4.4 ( /e)A/m-K at T = 400 K). However, the SNC of Mn 3 Ga increases steadily as the T is lowered, and it reaches its maximum of ∼10 ( /e)A/m-K at T = 175 K. It then decreases monotonically as the T further decreases. Mn 3 Ge has a small SNC at high temperatures (e.g., ∼1.9 ( /e)A/m-K at T = 400 K). The SNC of Mn 3 Ge decreases gradually as the T decreases and changes sign at T = 225 K. After passing 225 K, it further decreases as the T is lowered to 125 K, and it then increases slightly as the T decreases to 50 K.
We calculated the energy derivative of the SHC for all the alloys and fcc Pt, as listed in Table II , in order to examine the validity of the Mott relation [Eq. (7)]. The SNC at 100 K calculated using Eq. (7) and the energy derivatives of the SHC are shown in Fig. 6(b) . Figure  6(b) indicates that all the SNC values calculated this way agree in sign with those calculated directly using Eq. (4). For fcc Pt, the SNC values [-0.30 and -0.31 ( /e)S/cm] agree rather well. This level of agreement [-0.89 and -1.11 ( /e)S/cm] is maintained even at 300 K. For Mn 3 Ga (Mn 3 Ge), the SNC value from Eq. (7) is 2.5 (five) times smaller than that from Eq. (4). For Mn 3 Sn, the SNC values from Eq. (7) and Eq. (4) differ by one order of magnitude [ Fig. 6(b) ].
IV. CONCLUSIONS
We have studied theoretically the ANE, a phenomenon having the same origin as the AHE, and also the SNE as well as the AHE and SHE in noncollinear antiferromagnetic Mn 3 X (X = Sn, Ge, Ga) based on ab initio relativistic band structure calculations. As references, we also calculate the ANC and AHC of ferromagnetic iron as well as the SNC of platinum metal. Fascinatingly, the calculated ANC at room temperature (300 K) for all three alloys is huge, being 10∼40 times larger than that of iron. Further, the calculated SNC for Mn 3 Sn and Mn 3 Ga is also larger, being about five times larger than that of platinum. This suggests that these antiferromagnets would be useful materials for thermoelectronic devices and spin caloritronic devices. The calculated ANC of Mn 3 Sn and iron are in reasonably good agreement with the very recent experiments 22 . The calculated SNC of platinum also agree well with the very recent experiments 46 in both sign and magnitude. The calculated thermoelectric and thermomagnetic properties are analyzed in terms of the band structures as well as the energy-dependent AHC, ANC, SNC and SHC via the Mott relations. We hope that our interesting theoretical results would stimulate further experimental works on these noncollinear antiferromagnets.
